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CHAPTER ‘Iwo

CONCEPT EXPLOIUTION PHASE
(Prc-Milestone 1)

INTRODUCTION

Based on our discussionin ChapterOne, wc have seen that the.Sponsorplays the leading
role in the initial establishment of the tentative ~ thresholds which are consistent with the mission
needs analysis on which the system requirement is based At Milestone O,with the approval of the
OR, the Sponsor formally established a pm” “hmmary ~ threshold (or range) which became the
basis on which the Concept Exploration phase proceeds. In the acquisition “Odfollowing

rMilestone Oand prior to Milestone I, the initial system concepts adopted in e OR will be fbrther
developed and refined Alternative approaches will be explored which will meet the established ~
preliminary threshold range. For major acquisition projects, this concept exploration effoti will be
directed and coordinated by a Rogram Mm er as~gned at Milestone O. For smaller acquisition
projects, the concept development effort will L the responsibility of an existing office in the
Developing Agency. In either case, the role of the Sponsor during this period changes. Mission
requirements and a range of preliminary ~ threshold values consistent with these mquimments
have been put in place. Now the Sponsor must ensure that concept exploration procds in a
manner which will result in the identification of specifically defined systems concept whichmeets
theOR requirements at the lowest overall ccx% Perhaps the major issues to be reconciled in this
phase arc the cost trade-offsinherentin alternativeapproachesto obtainingthe projected~ of the
system. Thus, the Sponsormust concentrateon monitoringand evaluatingAOas it rcbs to the
projectedoverall cost of the system

L The relevantconceptof costs to be employedby the Sponsormust be system Iife+ycle
costs. Systemlife-cyclecosts include

1. Research and development costs

2. Acquisitioncosts

3. Introduction costs

4. I@stic support costs

5. Dispositioncosts.

Thus, to be effective in the ConceptExplorationphase the Sponsor must not only be able to
effixtively evaluate the general composition of the ~ index fm a given system alternative but must
also be fidly conversant with the cost trade-offs which exist fm a givensystem alternative. The
objectives of the Spons&s review am tw~foki FmL the projected ~ associated with any given
system alternative under considerationmust be realisticwhen decomposed into the reliability,
maintainability,and supportabilityelementson which it is basecLThis implies that the Sponsm
must be assured that the data and assumptionswhich support the projected& fm a given
alternativeam auditableanddefasible. WoI@ given that the&values projectedfm each
alternativeapproachto the systemare individuallyrealistic, the Sponsormustensure that the
systemsconcept selectedfm develo ment andvalidationmpmsentsthe most cost-effectivechoice

Lbasedon the trade-offswhichexist twecn lifeqck cos~ ~ and missioneffectiveness.
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REFINING & REQUIREMENTS

ReIiminary ~ threshold values mnsistent with the operational or mission effectiveness of
the system have been specified in the JMSNS/OR at the overall or major system level at Milestone
O. During this phase, the system-level A. threshold vahe will be refined and cxtendd by the
Rogram Manager through analysis a! the subsystem (and potentially the ~ponent) leveL m,

onsor DIWSanl-t role m this effort to more filly define ~
comn]ish the followi~

10

First, the initial system mission requirement which evolved earlier through wtufare
analysis or simulation must be more specifically developed in explicit operational
terms. This effort, called the Use Study or Use Plan in acquisition categories I and
II, will be conducted by the Program Manager. As outlined in MIIATD-1388-lA,
the Use Study will define the actual application pkmned fa the system md will
establish the detailed deployment or operational environment envisioned fm the
system. Deployment cycles, utilization rates, etc. as outlined in the Use Study
should be validated by the Sponsor against the initial Mission Needs Detcmination
which drove the preliminary ~ threshold established at Milestone O. Any changes
in the intended use of the system should be mflccted in revised mission
effectiveness m system effwtivcness requirements and, where ap “te, inthc

T~ thresholds used to guide the Concept Exploration Process. The ponsor should
formally approve the Use Plan at Milestone I.

2. ~eview and V@te the ~ All-
.

Second the Sponsormust ensure that the major system-level ~ threshold
requirement is properly and consistently translated md allocated to the subsystem
or, where feasible, to the component level within the overall system This process
of allocation, accomplished by the Program Manager, should be reviewed by the
Sponsor to determine:

a. Are subsystemkquipmentAO thresholdvaluesrealisticgiven tech.dogy.
Fleet operating experience,and preliminarylogisticsuppmtplans?

b. Am subsystem/equipment ~ thresholds fm these subsystems common to
other major systems consistent with AOrequirements for these systems?

c. Are therdiabihty and maintainabilityparametersft)rmy existing
govemment-furnkhedsubsystems!equipmentsto be used in the new system
consistentwith the assumptionsspecifkd for the new system?

d. Do subsystem/equipment refiabili~, titimfiv, ~ SUPZbfiV
parametem allow adequate flexibihty for potential “gmvthn in
system/equipment AOrequirements as the development process promds?

This secondmajoreffort essentiallyrecognk that nmst new systemsinvolvea
hierarchyof subsystemsand componentsand that this system/kquipment
relationshipmustbe accuratelyand consistentlyrepresentedin the refinementof AO
thresholdvalues. Essentially,the documentationof& requirementsat the system
subsystem andcomponentslevels must be clearly andexplicitlylinkedandm audit
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trail (top to bottom)establishedto allowthe Sponsor to effectivelyevaluatethe
masonabkness and consistencyof proposedsubsystcmkmnponcnt than Each

rtime a subsystemkomponcnt-kvcl& requirementchangc$ the impact &
change on other relatedsubsystemkomponentsand on major system& must be
reviewed to confirm systemeffectivenessrequirementsare maintained No
subsysterdcomponentchangemay be made in isolationwithoutmmgnhing the
hierarchal relationshipswhichexist in the major system The Sponsorshould
require that the DevelopingAgencydocumentthew & relationshipsat the
system/subsystem/componentlevel and that assumptionsmade atone kvel arc
consistent with those madeat other levelsin the system hierarchy.

w

MONITORING AND EVALUATING&

●

ev Action Stem

The pmess of monitoringand evaluating&by the Sponsorbegins in earnestfdowing
MilestoneOas the systemconceptexplorationbeginsand as specificsystem propmals and
configurationsare evaluatedin termsof developmentcosq schedule,technicalpcrfbrmancc,
reliability,maintainability,and logisticsupportcosts associatedwith these systemalternatives. Of
particular concern to the Sponsorat this stage in the acquisitionprocess shouldbe issuesof system
supportability. Based on DODI5000.1of 19Novembex1985(lWML), the Navypolicy since
1980has been that readiness and supportabilityquestionsare equally as impmtant as ~
schedule,and performance issues and that the emphasison system supportabilitymust beginat the
startof the acquisitionprocess. It is recognizedthat this generalpolicy thrust is not yet wcll-
establishcd in practice. Nevertheless,basednot only on the supportabilitycosts of today’sNavy
systemsbut also on the direct impactwhichsystemsupportabh““tywill ultimatelyhaveon system
effectiveness,the focus on supportabilityparameters--includingall elementsof logisticsupport--is
crucial to the successfuldevelopmentand deploymentof the system The Sponsormust begin in
this early phase to undemand and to assessthe assumptionsand factors whicharc utilizedto
developpreliminarysystemalternativesin responseto the issuanceof the OperationalRequirement
(OR)document. Thus, in review the systemsconceptexplored in this phase, the Sponsormust
ensure that the supportinganalysisis consistentwiththe&preliminary tluesholdrange
establishedand that the underlyingcomponentsof& arc reasonablerelative to thecumentkvel of
technology,Fleet proceduresand practices,and the generallevel of logistic supportwhichmaybe
expectedin the actual operationof the system ‘Iluee specificSponsoractions amm@red in this
phase:

FnL the Sponsormust confirm that the Baseline ComparisonSystem(BCS)
selectedby the ProgramManagerfm m~arison and for developmentof projected
system parametersis realisticand a mpnate. FunctioL technicalperformance,
and reliability estimatesfor the B# shouldbe reviewedand used for comparison
with general systemparametem fa the proposed system.

2.

12

Second, the Sponsor shouldvalidatethat the Plan fm Use developedby the
Program Manageris complete,clearlydefm~ and consistentwith the mission
needs analysis initially formulatedprior to MilestoneO. The Sponsorshouldbe
sensitiveto any changesin systemutilizationand deploymentplanningwhichmay
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be a part of the Use Study but not a part of the missionneeds analysiswhich
detcmined preliminary&threshold values. Wheresystemtechnicalperformance
requirementsor intendedusage havechanged, the DevelopingAgencyshouldbe
required to demonstrate that these changes are spelled out in the Use Plan and that
any related changes required in the preliminary ~ threshold value have been
properly incorporated into the analysis and planning and are reflected in the ~
threshold established at Milestone I. It is recommended that the Sponsa formally
sign the Use Plan indicating approval and acceptance as a valid statement of the
intended application of the systerm

3.
.

Cvl“ewand V-e th~ P~
. .

Thir&the Sponsormust review and validate the initialILSP whichwill
subsequentlyevolve ffom the LSAprocess in later stages. Estimatesand analysis
will, in this phase, typicallybe quite general.Most estimates will be at the major
system level and will likely be extrapolationsfrom the BCS chosen. Moreover,a
numberof systemoptionsmay still be activecandidatesfor consideration.

Because the specific system definition may be unclear at this poin4 a generalpaper
prototypemodelof the systemalternativeselectedis @ps the most realistic
expectationfor the Sponsor. This generalpaper specificaoonmaybe expcctd to
changeover time and to becomemore dctail~ however,it is impatam fm the
Sponsorto fmc developmentof the generalpaperprototypeof the systemprim to
MilestoneI and to fixrthcrrequire the definitionof the generalsystempammetm of
diability, maintainability,and logistic supportenvisionedfm the systam It is
recognizedthat theseparameterdefinitionswill be grossapproximationsin most
cases. However,major inconsistencieswith currenttechnicalety, Fkct
expdence, and logistic supportcan be identifiedeves in this early stage. Fa
example,systemproposalswhichcall fa systemreliabilitywell beyondany
currentlydeployedsystemsof a similar type or propods whichare basedon m
MLDTwhichis far shorterthan current Navylevelsmust be challengedby the
Sponsorat this point. The DevelopingAgencymust be able to effectively
documentand support the sou@validity of theseestimates. Failureto do so will
potentidly~ardizetheviabilityof the systemoncefhllydevelopedand deployed.

Supporting data to allow the Sponsor to evaluate the ~ preliminary threshold(or range)
pfoep~ by the ProgramManagerat MilestoneI may be definedon two levels. FmL them are the
mapr suppating inputdocumentsto the establishmentof the preliminaryAOthresholddeveloped
by the ProgramManager. These supportingdocuments,which shouldbe miewed in detail by the
Sponsor, include:

● Proposedsystemspecification(md functionaldescriptionsof anyparticulardesign
a&natives underconsideration)

● Resultsof MILSTD-1388-lA, Use Study and ComparativeAnalysk

The major supportingdata sourcesbecomenot only in uts to the Sponsa review of the
Jpreliminary& thmshol~ but arc also inputs to the operation scenarioanalysisa useplan fbr the

systemdiscussedearlier. W Sponsorwill mly on these macrdevel data SOUICCS~ &Wld
statementsof how the systemwill be aqti how it will be employwLand howit will be

—

.-6
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supported over its lifc<yck. While admittedlymuchof this generalplanningand supportdata will
be tentativeat this stageof acquisition,it is an invaluablesourceof informationto allowthe
Sponsor to understandand evaluate the preliminary& thresholdfor the systera

At a lower,mm speMc levelof detail are the discreteparametm estimatesor ~jections
made by the Developing Agency which, in combination, determine the ~ threshold emkioned for
the system Here the Sponsor should review the rationale used for detenrunm● “ gwhatare
“comparable systems” within the context of MIL+TD-1388- 1A LSA and the masonabkness of the
sources of data on those comparable systems. We will discuss these data sources and uses in
detail in later chapters; however, in this early stage, basic micro-level data requirements maybe
categorized generally as follows:

1. FailureRates: Failure rates are the purviewof the Navy’sengineeringcommunity
and will typicallybe addressedby the technically-orientedmathematiciansand
engineersresident in supportingSystemsCommandorganizations. Basedon very
early discussionof missionscenarioand systemoperatingcharacteristics a
technicaldeterminationorjudgmentmust be made as to the expectd fdurc rate fw
the systemenvisioned This initial treatmentmust includtx

a. Wartime operatingenvironments,mission scenarios,and requiredo~ting
characteristics. If the expectedwartimeoperatingenvironmentor xmssion
profileis expectedto changefailurerates, a sepamtewartimefidurc rate
must be developed. Sinceexisting Navydatabases or similar systemswill
be essentiallypeacetimefailurexates,extrapolationto wartimerates mus~in
most cases, be judgmental. Nevertheless,such a determinationmust be
made.

b. An explicitconsiderationof subsystemfailurerates fm thosecritical
subsystemswhichwouldrender the system equipment inoperable.
Expectedfdure rates fw those subsystemsessential to the operationof the
overall systemmustbe estimatcxLAdditionally,the opemtingrelationships
of these critical subsystems must be developed (via a block wiring diagram
approach, for example) so that redundancies and spedic operating
relationships are recognized in the determination of the overall system
fdure rate.

For purposesof evaluatingfdure rates prior to Milestone O,the best sourcesof
data fa similarsystemsarc

● The Aviation3-MMaintenanceData CollectionSystem(aviationsystems)

● W NAVSEAReliability,Maintainability,and AvaikMity (RMA)Design
Data Base (shipboardsystems).

Each of thesedata sources containsfdurc rate data at theequipmentlevel whichis
appropriatefm estimatingMTBFearlyin the acquisition.

2. RepairTii: ~c~tikqel~tti ti~ticxkmm-ofm
repair time at the organhtional levelof maintenance The estimate,spedied as
- =mes tit w ~uimd pm, pcrsonnc~-g, pubhation% ad test
equi~n~ are availableandmeasuresthe “inherentmaintainability”of the~sed
systemm Its intendedopemtingenvironmen~ Repair time dmatcs shouldbe
basedon the best data andjudgment fkomthe Navy’smaintenancecommunityand
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should be based on the maintenance plan envisionedfor the system. Prior to
MilestoneI, beforethe formulationof a maintenanceplan specificto the system
underconsideration,estimatesof MTIll will generally be derived from the general
operating concept of the system coupled with selective use of repair data for similar
(BCS) systems.

Repair times arc apart of both the NAVSEA RMA data base and the Aviation MDS
system. These repair time data are equipment-specific and apply to the
organizational level of maintenance. MTT’Rranges are typically low relative to the
other elements of the A. index. As a resul~ the accuracy of M’ITR estimates in the
overall ~ index is not critical. For example, given an MTBF of 1,000 hours and
an MLDT of 125 hours, ranges of MITR between zero and 10 hours bound the
projected ~ between 0.88 and 0.89. An OPNAV review of a wide range of
existing Navy systems in 1981 revealed that a 3-hour MTI’R was representative for
over 90 percent of the equipments surveyed ‘IWsbaseline estimate, tempered by
conceptual or design plans and by empirical data for similar system, will be
adquate to represent M’ITR in ~ threshold determination prior to Milestone L
Following Milestone I, as the explicit system concept is finalized and actual system
demonstration and validation begins, the MTT’Restimate must be validated (and
adjusted as rquired) based on test data and engineering analyses of sample results
which are specific to the system being acquired

3. LogisticsDelayThnes: No singleelement of the &index is as difficultto address
as is Mean Iagistics Delay The (MLDT). At the same time, MLDT has a
substantive impact on the ~ of any system. Moreover, a signMcant portion of
lifegcle costs are attributable to the MLDT one finally achieves MLDT must be
addressed explicitly fkom the outset of the acquisition process. Most systems arc
supported using standard Navy logistics procedures--standard sparing policies,
standard maintenance processes and structures, and standmi transportation
systems. OPNAVINST 4400. 12B (N~AL) provides logistic support delay time
goals which are standard to the Navy logistics system. The support structure
assumes a three-echelon (consumer, intermediate, and wholesale) inventory
structure and a related the-echelon (organhtional, intermediate, depot)
maintenance structure. Sparing and distribution procedures arc geared to provide
specified response times to user requirements. Thus, pricRto Milestone I the
Sponsor should utilize concrete BCS dam adjusted for planned support
differences, to evaluate MLDT projections. Any programmatic thresholds
recommended by a Program Manager which im Iy an MLDT below Navy

!stand+ must be challengd by the Sponsor. uch nonstandard MLDT
projec~ons must be validated to ensure:

—

-

a. Support plans and related resources have been defined and adequately
programmed to support the nonstandard MLDT.

b. If sparing-t~availability is planned by the Program Manager, OP-04
approval has been received.

c. A rigoroustradeaff analysishas been conductedby the ProgramManager
to assess the impactand cost of improvedreliability,maintainabilityand
supportability on projected ~ and that the documented results of this trade-
off analysis clearly point to MLDT as the pivotal variable to be reduced.

--
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As discussed earlier in the Concept Exploration phase of systems acquisition, the initial ~
threshold range projected at Milestone Oand included in the JMSNS/OR will be fbrther refined as
system concepts/options arc mom fully defined The action steps required should be accomplished
as follows: .

a. Is the BCSselectedrepresentativeandappropriateand is it fidly defined
relative to the systemproposalsbeingreviewed?

b. Are all system parameters (reliability, maintainability, and supportability)
realistic and achievable based on the BCS, actual Fleet operating experience,
technology (as reflected in Navy or private sector technical data bases), and
engineering judgment?

The Use Plan/Use Study (or equivalent) describes the operational use planned for
the system Together with the data relating to the Baseline Comparison System
(BCS), the Use Plan allows the Sponsor to monitor and evaluate Program
Manager/Developing Agency ~ proposals. The following basic review technique
is recommended:

a. Is the Use Plan consistent with the Mission Needs Analysis which drove
earlier development and acquisition decisions?

L

b. If changes have been made in the use planned for the system, have these
changes been appropriately reflected in the system/mission effectiveness
requirements and in turn, to the elements of system+ffectiveness
capability, availability, and dependability.

To understandthe processof ~ evaluationat thispoint in the acquisitioncycle, the
Sponsormust developa familiaritywith the LogisticsSupportAnalysis(LSA)
which underliesthe ProgramManagerproposal. As discussed in MIL-S’ID-1388-
lA, LSAis a mandatorystep in systemsacquisitionwhich:

a. Assessesthe supportability requirements by support element for the system
including persomel, training, support/test equipmen~ maintenance and
repair capabilities, spare parts requirements and positioning, and
transportation needs.

b. Evaluates alternative mixes or combinations of policies and procedures for
the set of logistics elerrmts outlined above to ident@ the most cost efkctive
mix given the preliminary ~ threshold range established and the evolving
values fm reliability (MTBF) and maintainability (M’TTR).

c. Develops logistic support cost projections for the system over its life-cycle
for the logistic support alternative or structure considered to be most cost
effmtive.

II-2-7 Enclosure (1)
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d. Provides detailed backup plans and analysis fm depot maintenance support
(the Depot Support Plan) and for supply support (the Supply Support
Management plan).

e. Provides the foundation for the derivation of the Integrated Logistics
Support Plan (ILSP) which must be available at Milestone I and for the later
refinement of this to generate the final IMP for the system

The LSAeffort is a continuing process throughout the acquisition cycle. Much of
the supporting detail noted above will not be available in earlier ph~s but will be
developed as the LSA process proceeds. We will discuss the LSA process in
greater detail in Chapter Four.

Prior to Milestone 1, the LSA will typically be conducted at the major system level
and issues of system supportability will clearly be addressed on a very preliminary
basis pending concept demonstration and validation. Nevertheless, the Sponsor
must resolve several critical issues in this phase:

a. Does the ILSP reflect comprehensive phmning for logistic support and is the
maintenance and supply support structure envisioned for the system realistic
based on the planned system employment plan and current logistic suppt
performance? Can the Developing Agencyprovidea documentflow
analysiswhichwilldemonstratehowmaterialavailabilityand timedelays
generatedby the proposedILSPrdate to the MLDTused to developthe
pmpoti & threshold?

b. Are all assumptions, dam and computational analyses comect and valid and
are these factors used consistently not only within the document, but also in
relationship to earlier planning factors and projections?

These specific Sponsor actions in the monitoring and evaluation of ~ over time as systems
acquisition proceeds will be discussed in more detail in later chapters. The primary responsibility
of the Sponsor prior to Milestone I is to ensure that the systems concept selected is the most cost
cffdve alternative consistent with the preliminary ~ threshold range establish.

Documentationrequirementsfor the & thresholdat MilestoneI have been identifkd in an
earlier sectionof this Chapter. In additionto the majordecisiondocumentsrequired (suchas the
DCP/NDC~and the TEMP),importantsupportingdocumentsinclude:

● The Use Plan

● The ILSP

-

,- .

. ,.

● Related technical appendices to the DCP/NDCP.
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& COST TFU4DE-OFFANALYSIS

,-,

. ..

This sectiondeals with evaluatingthe preliminary& thresholdon the basis of mission
objectivesand cost trade-offs. Prior to Milestone I, this analysis is perhaps the major
responsibility of the Sponsor. Ideally, we would like each system to have an ~ of 1. This is
impossible since this would require a system reliability of 1 or, if the system were not 100 percent
reliable, it would require instantaneous repair when the system did fail. Moreover, the life-cycle
cost of a system is closely comected with the ~ achieved by a systenL and the higher the ~
required of a system the higher the life-cycle cost. Consequently, it is important to examine the
preliminary ~ threshold range set fm a system in terms of both the effectiveness of the system
meeting mission objectives and the corresponding life<ycle cost of the system The Sponsor needs
to understand what mission effectiveness of a new system will be at different ~ levels and the
corresponding cost of supporting each acceptable ~ level to make efllcient decisions on how to
allocate the Navy’s scarce resources.

1.

The firstand primaryobjectivein establishingthe pre” “lumnary & thmshdd must be
mission effmtiveness. In Chapter One, we discussed the general methodology that
should be used in setting preliminary ~ thresholds in terns of the warfhre
requirements for the system. Here, the Sponsor must confirm the ~ threshold
established. Conceptually, this ~ to mission capability decision should be made
prior to any cost trade-offs analysis. The Sponsor should begin by analyzing the
relationship which the Program Manager has developed md documented (for each
system option) between the platfbm-level measure of mission effdvencss
appropriate in the specific instance (fbr example, ships mission capability) and the
major system-level ~ required to generate this level of platfom level eff~tiveness.
Recall that each system option being considered in the Concept ExRl~tion phase
has potentially different capability (Co) and dependability @o) parameters which,
together with system ~ will detemine mission or system effectiveness. The
required level or range of mission effectiveness designated for the system (based on
earlier warhre analysis) will, in turn, allow the Sponsor to validate the potential
prt” ●hrmnary ~ threshold range proposed by the Program Manager. In Figure 2-1,
the mission eff~tiveness measure chosen as ap

T
riate to the system is Ships

Mission Capability (SMC). A minimum SMC of .75 has been spedied This
required level of mission effectiveness drives a range of AOvaiues, fw systems
options considered viable by the Developing Agency, of 0.80 to 0.95 as shown.
The presumption must be that any ~ required to meet established mission
objectives @in turn, be achieved at least-cost based on reliability,
maintainability, and supportability options. Measuring mission effkctivcness as the
probability of the system completing its mission or missions within approved
scenario(s), the Sponsor should expect to see a graph or similar data) as portmyed
in Figure 2-1 illustrating mission cffativeness and ~ relationships fm each option
or alternative identified duxing concept development prior to a Milestone I decision
to proceed with demonstration and validation of a single option.

The valueson the vertical axis (i.e., measuresof missioncffbctivcness)will vary
dependingon availableinformation, If we must relate system subsys~ or
equipment&to platformreadinessthen effectivenessshouldbe platform

II-2-9 Enclosure(1)
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2.

readiness. The effectiveness measure must be carefully chosen to indicate the
successfi.d operation of the system in a time-phased wartime scenario approval for
the system In any event, performance characteristics of the system must also be
considered and the effectiveness measure must be tied into the probability of the
system meeting its mission objectives. As describedearlier, it will be the
combination of capability, availability and dependability which will detemine
system eff~tiveness and platfonmlevel mission effectiveness.

Validate h to Life-Cvcle Cost RelationshiD~

Figure 2-2 portrays cost-to+apability (i.e., cost-to-~) curves for system
alternatives or options identifkd during concept exploration. These cost-~
capability curves should be a part of the Program Manager’s concept exploration
effort and must be documented by the Program Manager with a list of the
assumptions about the scenarios and system performance characteristics (i.e., the
proposed operating environment and required operational capabilities of the system)
that are used in estimating the relationship between ~ and mission effwtiveness.
As outlined in OPNAVINST 5000.42C, once a preliminary ~ threshold is
established, the relationship between and corresponding life-cycle costs of a system
must be estimated This Program Manager estimation effort must be reviewed and
validated by the Sponsor as a second step in analyzing the cost to ~ trade+ffs.
The Sponsor will nxpire cost-to-capability relationships in order to evaluate life-
cycle costs to achieve ~ and qission effectiveness for each system alternative.

Costs must be broken down by the Program Manager into various support
categories and the cost analysis perfomwd by the Program Manager should seek an
~ value which repments the mostcost effbctivewayof achievingthe&value.
This requiresevaluatingtrade-offsamongreliability,maintainability,and the
various areas of logistic support at the major system level in meeting an Ao
threshold range.

Basic cost elements, definitions, and estimating guidance is contained in a series of DOD
instructions (DODI 5000.33 and DODD 4245.6). Whale many specMc costs and other data arc a
part of the analysis as acquisition proceeds, prim to Milestone ~ the data necessaxy fm the Sponsor
to effectively evaluate ~ to cost trade-offs provided by the Program Manager may be specified as
follows:

1. Technicaland logistic support data fm the system under consideration. This data
includes failure rates, repair time%and logistic delay times. Alternative ftible
mixes of these variables which yield the ~ required of the system based on
mission efkctiveness should be evaluated by the Program Manager, and the
Sponsor should confixm that these alternatives have been assessed

2. For each alternative mix of failure ra~ repair times, and logistic&lay times being
evaluat~ both system acquisition and fhll life-cycle support costs am required

In the pre-MilestoneI phase of systemsaquisitio~ it is unrealisticfor the Sponsorto expect that
these technical,logistic support,and cost data will be welldefinedfbr the specificsystemunder
ConsidemtiomIn most cases, the specificleast-costmixof reliability,maintainability,and
supportabilitywhichmeets the preliminary& thresholdwill not be f~y determinedby Milestone

II-2-11 Enclosure(1)
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L As a resul~ the cost analysiswhichsupports a Milestone I decisionshould be based on the best
data availablefm similarbaselinecomparisonsystemsalreadyin the Navy inventoryor on the
technicaland engineeringjudgmentof the DevelopingAgency. We havepreviouslydiscussed
these data soumesin generalterns anddelay a more detailedexaminationof this data until the
followingChapter.

●

Ccomdishinp Key A~on StcpS 1 a d Zn

The methodology that is described below is designed to be u~ by the Program Manager
to establish ~ to mission effectiveness and life-cycle cost relationships. The Sponsor should
validate and review the Progmm Manager’s cost analysis by sequentially tracking the steps taken.
For each step, data sources, assumptions, and results of the analysis should be analyzed by the
Sponsor. The basic techniques that are used by the Sponsor to evaluate the relationship between
~ and life-cycle cos~ and to review cost trade-offs among factors supporting ~ levels should
remain essentially constant over the entire acquisition process. What will change as the acquisition
process proceeds is the quality of the data used to execute these techniques. In~ system
definition, unit costs, reliability and maintainability factors, level of repair and general support
concepts, manning and training requirements, to name a few important factors related to system
life-cycle costs and ~, can be estimated and evaluated in the earliest phases of acquisition. ‘Ihese
estimates can help the Sponsor make the necessary decisions regarding ~ requirements in terms
of the resources needed to maintain an Ao level. Prior to Milestone ~ this data may only support
very gross trade-offs or gross estimates of ~ As the acquisition process prweeds the data will
become better defined and our estimates of ~ and corresponding system eff=tiveness and
lifecycle costs will also become more accurate.

The Sponsormustevaluatethe variablepre” “_&threshold range set at MilestoneO
on the basis of cos~ &to cost relationshipsgenerally follow the basicpattern shownin F@ure2-
3.

However, in developingthe relationshipof & to cos~ we must also be sure that resources
arc allocatedby the ProgramManagerin a cost-effectivewayamongthe principleelementsof &
(reliability,maintainability,and logisticsupport). ‘I%isis complicatedby the fact that logistic
supportmay be packagedin a varietyof ways that will provideequivalentlogisticdelay times at
differentcosts. Consequently,we not only need to consider the possible trade-offs among
reliability,maintainability,and logisticsupportbut the

#-
ible tratbffs amongthe elementsof

logistic supportthat wouldprovidegiven levels of& or thepossibleCombinahonsof reliability
and maintainabilitywe am consideringfa the system. This requiresthat the analysis,conducted
by the ProgramManager and reviewed/Wlidated by the Sponsor,proceedin twmstages for each
systemoption:

● FimGeach separatecomponent (MTBF,- MLDT)of the &index
mustbe evaluatedin terms of lifeqcle costs to obtain any specificlevelof
diabil.ity, maintainabtity, and SU_ility. ThiS ti typtiy mean
holdingthe other two componentsof the~ indexconstantfm analytical
purposes.

● Second fm a given sys~ alternativecombinationsof
MTBF~T must be evaluatedandrelatedlifeqcle costs
aggregatedto yield a cume (or a data relationship),such as portrayedin
Figure2-3 fw that system option.
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It is not the intent of this handbook to develop detailed, specific cost estimating methodologies for
determining the cost of buying a more (or less) reliable or maintainable system, determinhg the
costs of the elements of integrated logistic support or determining the opemting and support costs
of a system. The specific methodologies are likely to be system dependent. We will, however,
provide a general methodology or approach that will provide the cost to ~ relationships depicted
in Figure 2-3. The methodology also provides visibility to ensure that necessary trade-offs among
the elements of AOanalysis are made.

The general methodology or approach to be described is impatant fkom several
points of view. Fret, it can be used in the earliest phases of acquisition; indeed, as the acquisition
process proceeds into the demonstration and validation phase, reliability and maintainability futors
become datively freed and increasingly difficult and costly to change. It is importang therefm,
to consider these trade-offs early. Second, it provides for the establishment of preliminary ~
thresholds on the basis of mission effectiveness; reliability is an important ingredient to measuring
mission effectiveness and any changes in reliability requirements on the basis of cost must be
evaluated in terms of the mission profile for the system. Third, the methodology is based on using
a consistent set of cost and effectiveness techniques throughout the acquisition process. However,
as we move through the phases of acquisition, the relevant data becomes more reliable.
Consequently, cost and effectiveness estimates become more reliable and discrepancies from
previous estimates more easily analyzed Finally, and most importantly, it provides us with the
necessary information to establish the best possible ~ requirement for the system in terms of both
cost and system effectiveness. The sequence of analytical steps discussed below should be
conducted by the Program Manager, not the Sponsor. In reviewing and evaluating the Rogram
Manager’s cost analysis, however, the Sponsor should assess the completeness and
reasonableness of the Program Manager’s approach by ~v revisiti~

.

~ana!@s. At each step, the sponsor should:

● Confirm the assumptions made

● Validate the accuracy and appropriateness of the basic data utilized

● Establish the mrrectnessof the computations and results

● Ver@ the consistency of the approach tim step to step

● Ensurethat the analysis is adequately describedin supportingdocuments.

After the Operating Requirements (OR) document is comple@ possible alternative
systems which can meet the system requirements outlined in the OR will be explored. Ideally,
each of the systems should be described incomplete detail in terms of its master component parts.
This is essential for any reasonable cost to ~ analysis.

As we have indicated,this nx@res that a BaselineComparisonSystembe devel~ that a
“paper”prototypeof each system(subsystemor equipment)option underconsiderationbe built
fkomthe BCS,and that relevantreliability,maintainabilityand cost data be estimated At this stage
of systemsacquisition,muchof this &ta will be definedonly at the equipmentand major
repairablecomponentslevels. This realisticdata constraintmust be recognizedby the Sponsor.
Nevertheless,as a targe~the Sponsm shouldcontinuallyseek a completeindentureddescriptionof
the system (subsystem/component)whichmust be developedby the ProgramManagm

● TheWeaponReplaceableAssembliesm) must be defined These are
theparts of the systemthat arc removedand replacedat the organizational
level to repair the systemwhen it fds.

12
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● The Shop Replaceable Assemblies (SW%) of each WIU must be defined.
These are subparts of the WIUls that are used to repair the WRAs usually at
the intermediate or depot-level maintenance facility.

● Piece Parts of each SRA must be defined. These are subparts of SRASthat
are used to repair SWS usually at the intermedate- or depot-level
maintenance facility.

The end result of this descriptionshouldbe a list of the followingtype:

INDENTURE STRUCKJRE OF SYSTEM X

System X
WIU (1)

sRA(l)
PP(l,l)
PP(l ,2)

SRA(2)
PP(2,1)
PP(2,2)
PP(2,3)

SRA(3)
SW(4)

WRA(2)
.
●

.

In addition to the indentured structure of the system the program Manager must eventually
approximate the following for each component (WIU4, SRA, and Piece Part):

● Failure Rate

● Repair Rates at each level of repair (intermediate and depot).

● Repair Tws at each level of repair

● Quantity per next higher assembly

Number of each WIU4 to system

. Number of each SRA in its -

Number of each piece part in its SRA

● Mean Time to Repair (M’ITR) each WIW

. This time is to reflect the time to remove and replacea defective
WIW at the organizationallevel assumingthe supplyroom has a
replacementon handor to repair theW at the organimtionallevel
if no replacementpart is needed.
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It is emphasized that the full set of technicid and logistic support data outlined above must
ultimately be developed in order to fully analyze cost trade-offs in reaching a concrete system
specification (at all levels of indenture) and a related ~ threshold on which testing an4 eventually,
system deployment will be based. This complete set of &ta will be componen~ subcomponenh
and piece part unique. Specific logistic plans (maintenance, sparing, personnel, transportation,
etc.) must be evaluated using related logistic support costs which are derived through the LSA
process and detailed maintenance and supply support planning will be conducted to build the ILSP.
From the Sponsor’s perspective at this stage in the acquisition process, however, the full, specific,
component/piece part level data set will not be available. The level of generality in the data will be
high and analysis will likely beat the major system level. Subsystem/mmponent level data wili, at
best, represent broad estimates. The generality of the technical &ta and the absence of more
specific technical data clearly limits the value of the results of our ~ to cost trade-off analysis.
While it does not change the approach that the Program Manager should use, the Sponsor must be
cognizant of the level of detail at which the analysis can be conducted at this stage in acquisition.
Secon~ even given the lack of specific subsystem/coxnponent/piece part data, the accuracy of the
&ta available maybe limited at this point in the acquisition process. As system development
proceeds, these data accuracy problems will be resolved. Nevertheless, prior to Milestone I, we
should recognize that the above data will contain some inaccuracies. Therefore, the description of
the system and the comesponding data elements should be based on similar existing systems
curnmtly in the Fleet The necessary data elements should be extracted fbm Fleet data via the data
sources outlined earlier. Reliability elements (failure rates) must be estimated for the “paper”
prototype system and should be adjusted to reflect the proposed reliabilities of the system. IWITll
should also be estimated and adjusted to reflect the maintainability factors we wish to consider.
Finally, unit costs should be adjusted to reflect the mst of the system under the reliability and
maintainability factors we set for the system.

. Below, we describe the considerations that must be explored in making trade-off analyses
or in constructing cost to A. relationships. We will give a generalized step by step procedure that
should be used by the Developing Agency in this type of analysis. It forms the basis of Sponsor
review and evaluation of the cost trade-off analysis. At the end of the section, Figure 2-7 provides
a flow chart of the methodology.

Select one of the systems under consideration. Operating tempo and density of the system
on the host platform and the “total buy” should be established before proceeding. If more than one
system is under consideration, the following analysis should be carried out for each system and
results compared if ~ and the cost of achieving ~ will have a bearing on the selection or the
system which will be eventually purchased.

Seltxt particular MTBF and M’ITR levels to be analyzed and determine the unit acquisition
cost of your system in terms of the reliability and maintainability levels chosen for the system. The
analysis outlined in this procedure will have to be carried out separately for each MTBF/MITR
combination to make trade-off analyses on the basis of reliability or maintainability.

The intermediate result of this portion of the analysis should be a table giving the unit cost
of the system for a range of reliability (MTBF) and maintainability (M’ITR) combinations. h
many cases, M’ITR will be relatively small and will have little effect on the availability calculations.
However, on some systems whose use requires quick repair when failures are discovered (e.g.,
missiles and missile launchers), the M’lTR will be a critical factor and the use of a fixed average

12
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regardless of the system’s MTBF may lead to incorrect ~ conclusions. If MIT’R is a critical
factor in the analysis, a table of the following type should be developed giving unit costs for the
feasible combinations of MTBF and MTTR.

F [h~) *

QIQIKQIQQ m XX) 400 . . .

2.0
2.5 Unit costs corresponding to each
3.0 (M’ITR,MTBF) combination.
3.5 ~

If MITR can be held reasonably constant in the analysis, the above table can be described
with a graph as shown in Figure 2-4.

At this poin~ failures and maintainability rates of the WRAs, Sk% and piece parts will
have to be adjusted to reflect the system reliability to be analyzed They should be adjusted
proportionately to be consistent with desired system reliability and maintainability.

As the acquisition process proceeds and the necessary trade-off analyses have been made in
the maintainability and reliability area, the system will be well defined and these factors will be
fixed to the point where analysis of alternate reliabilities and maintainabilities will not be necessary.

Select a logistic support structure for the system That is, spec@ the supply and
maintenance points that can be used for the system In the early phases of acquisition, there are
fmxpently several possible support options which reflect the possibilities of using intermediate and
depot-level maintenance and the precise locations of the individual maintenance activities.

Each support option and system reliability values requires a reevaluation of the repair rates
in the basic data set If the selected support option does not have any intermediate-level
maintenance, for example, the repair rates have to be adjusted to reflect this situation. The
reliability of the system also has a direct bearing on the level of maintenance used for the individual
components of the system. Typically, a level of repair analysis is carried out to determine the most
cost effective way of maintaining the components of the system. The analysis carried out at this
point may not be of significant value if the data does not yet have a great deal of accuracy. If the
decision is to forego the level of repair analysis, use the repair rates in the basic data set (adjusted
of course to reflect decisions on reliability and suppt structure).

Make a life-cycle cost estimate of the fixed costs involved for the Integrated Logistic
Support (ILS) that would accompany the planned use of the system and the particular support
structure being analyzed. These ILS elements are described below. They constitute all areas of
ILS except propositioned spare parts costs.

The Sponsor should recognize.that cost @mating techniques, as outlined in DODI
5000.33 and DODD 4245.6 will provide, at best, relative cost comparisons for alternative systems.
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The key to using such models is to ensure consistency in assumptions and data and to evaluate
results in a comparative, vice absolute, sense in examining alternative potential systems.

--

PRINCIPAL ILS ELEMENTS
(Less prepositioned spare parts)

Maintenance Planning and Design
Manpower and Personnel
Support and Test Equipment
Training and Test Equipment
Technical Data (Manuals and Publications)
Computer Resources Support
Packaging, Handling, Storing and Transportation Costs
Facilities
Replenishment Spares

Estimate propositioned spare costs. These are the costs that are placed in Aviation
Consolidated Allowance Lists (AVCALS), Consoli&ted Ship Allowance Lists (COSALS),
Consolidated Shore-Based Allowance Lists (COSBALS), Shore consolidated Allowance Lists
(CALS), and at intermediate- and wholesale-level stock points in advance of system ftiures.
These spares, together with repair and replenishment of failed parts, are used to provide quick
resupply to failed systems.

There are several ways of estimating these spare costs. It is essential that these costs be
estimated using standard Navy methodology. The Aviation Supply OtRce and the Ships Parts
Control Center will provide the Program Manager with the necessary expertise to compute the
investment costs of these spare parts and predict the sparing levels for parts in the data set for each
of the supply points of the support network you are analyzing.

Using this propositioned spares package, estimate the resulting ~ of the system For
aircmfl system the NADC SPECTRUM model or the NAVAIR CASEE model can predict
resulting system ~ for the propositioned spare parts chosen and the resupply and maintenance
network that we are analyzing. The NAVSEA Tiger model can provide similar analysis fa ships.

Unfortunately, standard Navy sparing methodology does not have the flexibility to select
spares directly on the basis of meeting a readiness objective. Sponsors should, therefore,
encourage the use of so-called “optimization” sparing techniques by the Program Manager to
detemine the sparing cost versus system readiness relationships for the system being evaluated
In many cases, an optimization approach to sparing will yield the most cost-effdvc sparing
package for anew system and, where the cost vemus effativeness trade-offs dictate, the Sponsor
should request (tire OP-41) authority to use such a non-standard methodology. Ckarly, if the
readiness objective of the system cannot be met by standard sparing techniques fm consumer-level
spares and repair parts, Op-41 must be petitioned to allow the use of an optimhion model, such
as the Availability Centered Inventory Model (ACM), in deteminin g the propositioned ~arcs
requirements for a system. ACIM can select spare requirements to obtain maximum readiness at an
arbitrary cost Once reliability, maintainability and the elements of ILS have been fixed (as we
have done in steps 1 through 5), the parameters necessary to execute ACIM with the database
should be available and ACIM can be used to determine the cost of the required propositioned
spares that are necessary to support an arbitrary ~ leveL ACIM is but one of several optimimtion
models which are available as alternatives to standard Navy sparing methods for consumer-level
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invcntories when the readiness objective of the system cannot be met by normal methods. Cument
Navy policy on the use of non-sparing methodologies is provided in NAVSUPINST 4442.14
(NOTAL). The Naval Supply Systems Command (SUP-042) can provide the Sponsor with the
technical and management expertise to evaluate the appropriateness of any given sparing model for
a particular system requirement.

Using the unit acquisition cost of the system determine the cost of the total system buy.
Add to this cost the sum of the costs of the ILS support other than propositioned spares. We will
denote this sum of costs x. .Foreach ~ value consider~ compute the cost of spares required to
support this ~ via the ACIM model. This cost plus x is the life-cycle cost of supporting the
comesponding ~ level. Since ACIM can only be used on an exception basis, compute the cost of
buying propositioned spares with standard Navy sparing and compute the comesponding ~. The
end result of the analysis is a graph similar to Figure 2-5.

The information displayed in Figure 2-5 can be used in conjunction with the ~ to
effixtiveness relationship developed for the system alternative to determine the most appropriate
sparing methods for the alternative being conside~ md in turn, to select the system concept to be
demonstrated or validated in the next phase of acquisition. It is not our intent to give a formula for
making this decision. However, it is advisable to examine the ~ level achieved under standard
Navy sparing policies. If this ~ level supports established mission effectiveness objectives, then
this ~ threshold value should become the ~ threshold for analysis of other alternatives.

The almve procedure should be used to analyze different systems, a.ltemative support
networks for a given system, and alternative reliability and maintainability requirements for the
system By repeatedly carrying out the seven-step procedure outlined above, we can derive cost-
to-~ relationships for each possible alternative we wish to consider. By incorporating these cost-
to-~ relationships for different alternatives in a single gmph, we may select the low-cost
alternative consistent with the ~ threshold range established. Figure 2-6 shows graphs drawn for
two alternatives.

Note that we can compare the systems on the basis of the ~ attained under standard Navy
support policies as well as under the “spare by exception” ACIM policy. Once the life-cycle cost
analysis is complet~ a decision by the Sponsor as to the spedlc system to be developed
culminates in a Milestone I request to proceed with demonstration and validation of that specific
system concep~ In Figure 2-6, the Sponsor would select alternative A fa validation and
demonstration recognizing that to meet the required ~ threshold, nonstandard spaxing will be
required.

As discussed earlier the cost-benefit analysis of b is an inherent part of the =-p
required at Milestone L Backup or supporting documents include the PIISP and technical
appendices to the DCP/NDCP. While there are no specific additional documentation requirements
dated spedlcally to cost-benefit analysis of AOprior to Milestone ~ the Sponsor should ensure
that all assumptions, data sources, and computations are retained in program files. The system
concept which provides requisite ~ coverage at lowest Efeqcle cost should be selected at
Milestone I for validation and demonstration
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1. ● Select one of the systems proposed to met required operational capability

● Establish baseline (paper) prototype system with baseline R&M parameters

● Establish operating characteristics of system (e.g., optempo) and total buy quantity

2. “ Set system reliability and maintainability values to be analyzed and determine
system unit cost for these parameters

Requires capability to estimate unit cost on basis of system reliability and
maintainability

● Adjust baseline R&M parameters and unit costs of systems components if
necessary to reflect chosen system reliability and maintainability

3. ● Establish a logistic support structure for the system (resupply and maintenance
points)

4. “ Readjust repair rates in basic data set to reflect repair capability at various echelons
of support

Do level of repair analysis if quality of &ta permits

5. ● Estimate ILS support costs--other than propositioned spares
Manpower and Personnel

- Support and Test Equipment .
Training and Test Equipment
Manuals and Publications
Computer Resources Support

- Packaging, Handling, Storing and Transportation Facilities
. Replenishment Spares

6. ● Estimate propositioned spares costs using standard Navy methodology and estimate
resulting ~ using assumptions made in entire analysis

● Use ACIM to estimate propositioned spares costs fa various ~ objectives

‘7. “ Construct Life-Cycle Cost to ~ graphs

FIG. 2-7: FLOW CHART OF GENERAL COST-TO-A METHODOLOGY
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